We reviewed the medical records of 233 patients having electrodiagnostic evidence of polyradiculopathy. Patients with polyneuropathy or incomplete diagnostic evaluation were excluded. A clinical diagnosis was secured in 92 of the 11 8 remaining patients. Patients were separated into three groups based upon the anatomic location of root involvement: extradural (55), intradural-extraaxial (23), and intraaxial (1 4). Collectively, patients with intradural-extraaxial disorders had earlier disease onset, shorter symptom duration, and a higher disability score compared with the intraaxial or extradural groups. Pain was an initial complaint in 50 of 55 patients with extradural lesions, 20 of 23 with intradural-extraaxial disease, but only in 4 of 14 with intraaxial involvement. CSF abnormalities and reduced compound muscle action potential amplitudes were more common in the intradural-extraaxial group. We conclude that the anatomic localization of root involvement in patients with polyradiculopathy can be suggested by a combination of clinical, laboratory, and electrodiagnostic features.
tion potential (CMAP) amplitude, and (4) needle electromyographic abnormalities in a multiple root distribution (multiple root distribution bilaterally or three or more levels ipsilaterally). Findings for the latter consisted of increased insertional activity, abnormal spontaneous activity at rest, and reduced recruitment of increased amplitude, long-duration, polyphasic motor units. Although the most common cause of polyradiculopathy is structural disease of the spine, many other disorders present with identical electrodiagnostic findings. Since involvement anywhere proximal to the dorsal root ganglia, u p to and including the anterior horn cell, produces electrodiagnostic evidence of radiculopathy, we reviewed the medical records of the subset of patients with electrodiagnostic evidence of polyradiculopathy without neuropathy to determine the sensitivity and specificity of combined clinical, laboratory, and electrodiagnostic findings in identifying the location of root involvement.
MATERIALS AND METHODS
Patient records were identified using the electrodiagnosis code file for a 24-month period spanning the years 1982 and 1983. All patients given the diagnosis code for polyradiculopathy (n = 233) un-derwent initial review. This represented 4.5% of all electrodiagnostic studies performed during that period. Criteria for inclusion in the study were those stated in the introduction. Patients were excluded who had clinical or electrodiagnostic evidence of a diffuse polyneuropathy. Eleven patients were included with paraspinal muscle abnormalities only (multiple levels bilaterally). All motor and sensory conduction studies had been performed using the standard technique of supramaximal percutaneous stimulation and surface electrode recording with temperature monitoring and extremity warming as was standard laboratory practice. Electromyography was performed using standard concentric needle electrodes.
All records were reviewed with particular attention to symptoms, signs, and medical or surgical histories. Based on ambulatory function, a subjective impairment score was determined for each patient with lower extremity involvement: 1 = minimal gait impairment; 2 = walk alone with difficulty; 3 = walk only with assistance; and 4 = wheelchair or bed bound. Laboratory studies were reviewed with special attention to cerebrospinal fluid (CSF) analysis and radiologic studies. Using surgical or radiologic data, each patient was placed into one of three disease groups based upon anatomic location of root involvement: Group I: extradural, Group 11: intraduralextraaxial, and Group 111: intraaxial.
The data were evaluated in several ways, depending upon the type of variables involved. For parametric data, analysis of variance was used to compare the means of the three patient groups. When differences existed, the subgroup means were compared using multiple Student's t-tests and the Bonferroni correction. For nonparametric data, the chi-square test of independence was used to identify differences among the group means. Because some of the analyses were limited by small sample size and subjective interpretation of clinical observations, the results of the statistical evaluations were viewed as reflecting the strengths of the differences between groups rather than as formal tests of specific hypotheses.
RESULTS
The records of 118 patients satisfied the criteria for polyradiculopathy without neuropathy. One hundred and fifteen patients were excluded either because of electrodiagnostic evidence of a polyneuropathy, absence of new or ongoing denervation, or inadequate diagnostic evaluation or follow-up. Most were removed because of a superimposed polyneuropathy. A specific clinical diagnosis was secured in 92 patients. Table 1 lists by diagnosis the number of patients in each of the three root locations. Extradural lesions accounted for polyradiculopathy in the majority of patients. In most cases, this was secondary to degenerative spine disease at multiple areas. In one quarter of patients, however, polyradiculopathy was attributed to an intradural-extraaxial process. Leptomeningeal carcinomatosis and trauma were the predominant established etiologies in that group. Intraaxial disease accounted for the smallest number of patients with electrodiagnostic incidence of "polyradiculopathy," composed mostly of single or multiple occurrences of rare diseases. In the latter 15 9 case, the term polyradiculopathy was used in context to signify involvement of the ventral horns, realizing that disease of the ventral horn is indistinguishable electrodiagnostically from more distal dysfunction of the ventral root.
Comparison of the clinical features among the three groups identified several statistically significant differences ( Table 2) . Patients with extradural lesions were significantly older (59.4 k 1.9 years, P < 0.0001) than either of the remaining groups. Although patients with intraduralextraaxial lesions had a lower mean age than patients with intraaxial lesions, the difference was not significant. The duration of symptoms prior to diagnosis was shorter in the intradural-extraaxial group, but statistical significance was not reached, primarily because of outliers in the intraaxial group. However, when patients were separated into two subgroups based upon the interval from disease onset to diagnosis (intervals from onset of 3 and 5 months), a greater percentage of patients in the intradural-extraaxial group (4176, P < 0.0338; 8296, P < 0.0007) manifested significantly shorter duration of symptoms than the other groups. In spite of their shorter clinical course, the intradural-extraaxial group also had significantly greater functional impairment (2.6 k 0.3, P < 0.004) than either of the remaining groups.
For the nonparametric data of clinical symptoms and signs, the only significant differences were the lower percentage of patients with pain in the intraaxial group (P < 0.0001) and the lower percentage of patients reporting weakness in the extradural group (P < 0.0188). Bowel and bladder dysfunction was twice as common in the intradural-extraaxial and intraaxial groups than the extradural group, but this result was not statistically significant. Table 3 lists the number and clinical diagnosis of patients without pain who had electrodiagnostic evidence of polyradiculopathy. Notably, 10 of the 14 patients with intraaxial lesions did not experience pain, whereas pain was frequent in the extradural and intradural-extraaxial groups.
Anatomic groups could not be differentiated on the basis of routine hematologic, chemical, serologic, or immunologic studies. Spine radiographs, myelography, and computerized tomography were important in establishing the diagnosis in all patients with identifiable extradural abnormalities, but these studies were frequently normal in patients with intradural-extraaxial and intraaxial disease.
The results of CSF analysis in 45 of the 92 patients is summarized in Table 4 . Abnormalities were common in all groups, with CSF protein elevation being the most frequent finding. Although the mean CSF protein did not differ significantly among groups, patients with a protein value exceeding 150 mg% were statistically more likely to have intradural-extraaxial disease than either of the other two categories (P < 0.03). CSF pleocytosis 
was recorded in more than half of the patients in the intradural-extraaxial group, nearly twice the prevalence in the intraaxial group (P < 0.0001); this abnormality was not found in patients with extradural disease. A CSF pleocytosis exceeding 10 cells/HPF was 3 times more common in the intradural-extraaxial group than the intraaxial group (P < 0.0026). Hypoglycorrhachia was observed only in four patients, all having intraduralextraaxial causes for polyradiculopathy [acute lymphocytic leukemia, 2; tuberculous meningitis, 1; and sarcoidosis, 1 (P < 0.02)]. Only patients in the intradural-extraaxial group manifested abnormal CSF cytology (P < 0.0005).
As defined, patients in all three groups had similar electrodiagnostic findings, particularly on needle examination. Only slight differences were apparent among the three groups in regard to motor conduction results. The percentage of patients with one or more reduced CMAP amplitudes was greatest in the intradural-extraaxial group, although the group differences were not statistically significant. A unique electrodiagnostic subset included 11 patients with isolated paraspinal muscle abnormalities on needle examination. All of these patients had extradural pathology; none had paraspinal metastasis.
Twenty-six patients with electrodiagnostic findings satisfying the criteria for this study could not be classified into an anatomic category. These included four patients with presumed diabetic polyradiculopathy without neuropathy, for which the anatomic site of pathology is unknown. In 15 patients, no etiology could be secured despite extensive testing. Four of these 15 patients had carcinoma with documented metastases, yet myelography, CSF studies, and follow-up evaluations did not confirm radicular involvement. Seven patients declined evaluation or were lost to follow-up. Table 5 summarizes the key differential points among the three patient groups with polyradiculopathy without neuropathy. 
DISCUSSION
Polyradiculopathy is a frequently diagnosed entity in the electromyography laboratory, accounting for approximately 5% of all patient referrals in our institution. Since the electrodiagnostic findings in polyradiculopathy are similar regardless of the site of root involvement, no specific etiology can be inferred from its discovery. Results of this study of the subset of patients with polyradiculopathy without neuropathy suggest that clues to the anatomic level of root involvement can be derived from careful interpretation of the clinical features, CMAP amplitudes, imaging studies, and CSF results. Clinical characteristics common to patients with an extradural cause for polyradiculopathy include older age of disease onset, a prolonged and gradually progressive course, and less functional disability compared with patients in the other two groups. Pain is the predominant symptom in this group. Both congenital and acquired degenerative spine diseases are frequent causes of polyradiculopathy in this group, including spinal stenosis and degenerative arthritis. Other etiologies are metastatic carcinoma or local vertebral osteomyelitis with resultat vertebral destruction and epidural root involvement. Polyradiculopathy in one patient was attributed to a paravertebral gutter lymphoma. Other causes for extradural polyradiculopathy reported in the literature, but not identified in any patients included in the study, were neoplastic root infiltration," subdural abscess," extradural c h o r d~m a '~ and ~a r c o m a ,~ meningeal and perineural and achondroplastic dwarfism. 6 The sole CSF abnormality in the extradural patient group was moderate protein elevation. The nine patients with metastatic carcinoma to the vertebral bodies did not have CSF pleocytosis or abnormal cytology, confirming integrity of the dura to penetration by neoplastic cells.
Patients in the intradural-extraaxial group were generally younger than patients in the other two groups and presented with a subacute illness which developed over several months. Compared with the extradural group, weakness was more common, but pain occurred less frequently. Functional disability was greatest in this group, probably reflecting the tempo and aggressiveness of the diseases in this category. In more than one-third of these patients, bladder or bowel dysfunction was a prominent complaint. Despite the rapid rate of progression and degree of impairment, the average duration of symptoms prior to establishing the diagnosis was 6 months.
Infiltrative and inflammatory leptomeningeal processes accounted for much of the intraduralextraaxial pathology. 1p9, 22 With respect to meningeal seeding, all but one of the neoplasms were reticuloses. Adenocarcinoma of the lung was the source of infiltration in the one other patient. In several patients, symptoms of polyradiculopathy heralded tumor presentation. The intradural-extraaxial group included six patients with severe trauma who subsequently developed a delayed onset, progressive polyradiculopathy associated with pain and weakness in multiple nerve roots remote from the focus of trauma. For the purposes of this study, these patients were considered as having polyradiculopathy secondary to "stretch" injury, although the actual pathophysiology was unknown. Although not observed in this patient group, other etiologies reported to cause intradural-extraaxial polyradiculopathy include infections (parasite,15 s irochete,21 Lyme disease,24 AIDS,7 myco la~ma!,~~ and vira1 '9,23,33-35 ) , toxins (pheno1,3*g intrathecal enicillin? intravenous interferon2), fostvaccinal?g structural (dural and dermoid cyst,2 neurofibroma, l9 meningioma,28 lipoma,28 e p i d e r m~i d ,~ myelomeningocoele"), ankylosing spondylitis," uveoencephalomeningitis,'5 meningeal seeding from medulloblastoma,28 and root avulsion.3233 Many of these diverse disorders have been identified in patients found to have polyradiculopathy subsequent to completion of this study.
CSF studies established the diagnosis in most patients with intradural-extraaxial involvement. Prominent CSF abnormalities included pleocytosis and elevated protein. Positive cytology was reported in more than one-half of these patients, and one-quarter demonstrated hypoglycorrhacia. CSF cytology in some patients with leptomeningeal carcinomatosis was positive only on the third or subsequent lumbar puncture. One patient with diffuse histiocytic lymphoma and a severe polyradiculopathy underwent three CSF analyses prior to discovery of positive cytology on the subsequent lumbar puncture. In this instance, polyradiculopathy was the initial presentation of the lymphoma.
Imaging studies in the intradural-extraaxial group were helpful only in identifying arachnoiditis, although identification of swollen nerve roots or beading would be consistent findings. These were sought but not found.
Intraaxial pathology explained the electrodiagnostic findings of "polyradiculopathy" in 15% of patients. Symptoms and signs of weakness and sensory loss were the predominant clinical features in these patients. Pain was present in only 21% of patients in this group, probably explainable by the lack of direct compression of dorsal root fibers or dorsal root ganglion cells by the intraaxial process. CSF studies were abnormal in almost one-half of patients in the intraaxial group, but no feature was distinctive enough to permit separation from the intradural-extraaxial group. Polyradiculopathy in these patients was attributable to a variety of neurologic conditions, including spinal cord ischemia, multiple sclerosis with ventral horn involvement, degenerative CNS disorders, motor neuron disease, chronic effects of spinal cord trauma, and postvaccination encephalomyeloradiculopathy. Other etiologies for intraaxial polyradiculopathy not observed in this group were transverse myelitis, l4 malignant atrophic papulosis (Dego's disease), l 7 syringomyelia, l4 intraspinal neoplasms," and spinal cord arteriovenous malformations." In most cases, it could be argued that polyradiculopathy is an improper description of the underlying problem, yet it emphasizes the inability of the electromyographer to more accurately localize the lesion when initially performing the studies.
The results of this study highlight the relative frequency of establishing a diagnosis of polyradiculopathy electrodiagnostically and suggest several clues helpful in the clinical evaluation of patients. Patients with pain without weakness or with isolated paraspinal muscle involvement on needle examination most likely have extradural pathology. Intradural-extraaxial involvement should be considered in patients with progression of symptoms over weeks to months and hypoglycorrachia or positive cytology on CSF analysis. Patients with polyradiculopathy without pain most likely have intraaxial disease. Failure to discover a cause for polyradiculopathy in patients with prominent pain, weakness, and abnormal CSF results should prompt additional CSF analyses in search of evidence for meningeal seeding or inflammation. Whenever meningeal seeding is confirmed, an underlying reticulosis must be sought. Laboratory studies most helpful in identifying an etiology for polyradiculopathy without neuropathy are plain x-ray and C T spine imaging, myelography, and CSF analysis.
The constellation of nerve conduction findings in several patients, i.e., low-amplitude CMAPs with normal amplitude sensory responses, is an uncommon but distinctive electrodiagnostic pattern. In Wilbourn's description of 55 patients with generalized low-amplitude motor responses with normal amplitude sensory responses (GLMNS), almost all of his patients had lower motor neuron involvement within the intraspinal canal, proximal to the dorsal root ganglia, or distally in the terminal nerve fiber or neuromuscular junction.37 Included in this group were four patients with polyradiculopathy on the basis of cervicalAumbar canal stenosis or meningeal ~netastasis.~~
